We examined associations between physical fitness and risk factors for coronary heart disease in healthy women ages 18-65 years. Physical fitness was objectively determined by the duration of a maximal treadmill exercise test. Six physical fitness categories (very poor to superior), specific within 10year age increments, were established. Mean risk factor levels varied across categories, but so did potential confounders such as age and weight. Multiple linear regression modeling was used to control for the effects of age, weight and year of exam on coronary risk factors. After adjustment, physical fitness was independently associated with triglycerides (p < 0.001), high-density lipoprotein cholesterol (HDL-C) (p -0.001), total cholesterol/HDL-C ratio (p S 0.001), blood pressure (p si 0.001) and cigarette smoking (p -0.001).
IT IS WELL ESTABLISHED that men have a higher incidence of cardiovascular disease than women. Nonetheless, coronary heart disease (CHD) is the leading cause of death in women (259 deaths/100,000 per year), with women in the United States having high rates compared with the rest of the world.' These statistics belie the relative paucity of research in CHD epidemiology in women. Available data, notably from the Framingham study, support the classic risk factor hypothesis for CHD in women. Women with higher levels of blood cholesterol, high blood pressure, and who smoke cigarettes are more likely to develop CHD than women without these risk factors.2 Other presumed CHD risk factors have been less thoroughly studied in women. For example, several studies associating sedentary living habits with the incidence of CHD in men have been published,3-5 but we are un-aware of any such studies in women. Although the precise role of physical activity in the prevention of CHD is not known, a tenable hypothesis is that more active persons have lower levels of established -risk factors. We previously showed that men who were more physically fit had lower levels of CHD risk than their less physically fit peers. 6 The purpose of this paper is to examine the association between physical fitness and CHD risk factors in women. We hypothesized that women with higher levels of physical fitness have a lower CHD risk.
Methods
More than 3900 adult women, ages 18-65 years, were examined from 1971 to 1980. Some women received only a treadmill test, but 2854 received a complete physical examination, including CHD risk factor measurements. Most of these women were self-referred for the purpose of physical fitness evaluation, periodic health examination or receiving preventive medical advice. These patients tended to be well educated and from middle to upper socioeconomic strata. More than 99% of the women were white. Data reported in this paper are from the first clinic visit for these patients, and hence, represent a cross-sectional sample.
Presence of various diseases or conditions could affect both independent and dependent variables in this study. Therefore, only apparently healthy women were included in the data analysis. Criteria for inclusion in the study group are presented in table 1. Of the 2854 women who received the complete physical examination, 1074 were excluded for health reasons, based on the criteria listed in table 1. An additional 75 were excluded for failure to achieve at least 85% of the predicted maximal heart rate on the treadmill test. Thus, approximately 1700 healthy women were included in the analyses. The number in each specific analysis varies because of missing data. For example, high-density lipoprotein (HDL) cholesterol was measured beginning in 1978; hence, the number for these analyses is considerably smaller. Referral patterns and demographics of the population studied did not change during the course of the study, and all women, and not a subset of the population, had HDL cholesterol measured after the test became available. Thus, even though HDL cholesterol levels were higher in the latter portion of the study, we believe that this was due to an overall secular trend and not to a change in the type of person studied or the method or accuracy of laboratory measurement.
All tests and examinations were done at the Cooper Clinic in Dallas using standardized clinic procedures. Each subject gave informed consent. Patients reported to the clinic in the morning after a 12-hour fast; they were also asked not to smoke that day. Examinations were administered in an air-conditioned laboratory with a temperature of 22 ± 3 C0.
After completing a questionnaire on demographic information, health habits, and medical and family history, clinical and laboratory data were obtained. A venous blood sample was drawn and analyzed by automated procedures for blood lipids. Lipid measurements were calibrated against CDC standards. Total cholesterol levels were determined by the Technicon SMAC System (Technicon Instruments) using a modified Lieberman-Burchard method. Triglyceride levels were determined by the Technicon SMAC system using the method of Bucolo and David. HDL choles- (table 2) . These fitness categories are determined by percentile ranking of maximal treadmill time: 0-15% = very poor; 15-35% = poor; 35-65% = fair; 65-85% = good; 85-95% = excellent; and 95-100% = superior.
Questionnaire responses, clinical data and findings from the examination were processed by the data entry group at the IAR. Data were keyed and verified; errors and omissions were corrected before analysis.
Results
Descriptive data on selected variables are presented for each fitness category in table 3. Different numbers of subjects for the variables resulted from missing data for some individuals. Height did not differ across physical fitness groups, but the less fit women were relatively heavier, fatter and older. The number of individuals for each fitness level is included in table 3 to give an indication of the fitness distribution. CHD risk factors by fitness level are presented in table 4. In general, women in the higher fitness categories had better risk factor profiles. Since there were several confounding variables that could possibly affect the fitness-risk factor association seen in table 4, further analyses were justified. We adopted a multiple regession model to control for confounders and to isolate the fitness-risk factor association. Data from these analyses are presented in table 5. Initial analyses confirmed that age and BMI were associated with fitness levels and the dependent variables. We also noted a temporal effect with women examined during the latter part of the study period having more favorable risk factor profiles. Standard- ized regression coefficients for each independent variable for each of the risk factors are shown in table 5.
These coefficients indicate the association between each independent variable and each risk factor after statistically adjusting for the influence of the three other independent variables. The standardization of these coefficients means that they can be compared to determine which independent variable makes the greatest contribution to the R2 for the full model. For example, the treadmill time coefficient for triglycerides (-0. 182) is larger than the coefficients for age (0.084), BMI (0.169), and exam year (-0.056). This means that treadmill time is the independent variable most strongly associated with triglycerides. The sign of the coefficient indicates whether the association is direct (positive sign) or inverse (negative sign).
The full model includes treadmill time as the physical fitness variable in addition to age, BMI and exam year. The coefficients for age, BMI and exam year meet statistical significance on most risk factors; (table 6 ). The associations between treadmill time and risk factors in this model differ significantly from the full model for three variables. Treadmill time is now independently associated with total cholesterol and the standardized regression coefficients for systolic and diastolic blood pressure are significantly increased.
Adjusted mean values for the risk factors for each fitness level are presented in table 7. The means are adjusted for age, BMI and exam year by covariance analysis. Table 7 lists more detailed results of the regression model presented in table 5. The mean values for HDL cholesterol, the total cholesterol HDL cholesterol ratio (TC/HDL-C), triglycerides and percent smoking cigarettes show differences over the range of fitness levels. The trend for total cholesterol was nonsignificant; and the independent association between fitness and blood pressure, although statistically significant, was weak.
Alcohol intake has been associated with blood lipids and lipoproteins ;7 therefore, it seemed advisable to control for this in our analysis. A brief dietary pattern questionnaire was completed by 1093 of the women in this study. Participants were queried about intake of Abbreviations: HDL = high-density lipoprotein; TC/HDL-C = ratio of total cholesterol to HDL cholesterol.
beer, wine and hard liquor. An alcohol index (drinks/ of cigarette smoking was not statistically significant in week) was calculated by summing the drinks/week for any of the analyses. each of the three alcohol categories. This variable was We recognize that the extensive inclusion and excluadded to the regression model for the four lipid risk sion criteria applied in this study truncate distribution factors in our study. Alcohol intake was not independof the risk factors. This conservative approach was ently associated with total cholesterol or triglycerides adopted in an attempt to avoid spuriously high associbut was significantly associated with HDL cholesterol ations that might be caused by correlation between (p < 0.002) and TC/HDL-C (p < 0.02). The R2 for this preexisting disease, the risk factors and physical fitexpanded model increased from 0.11 to 0.14 for HDL ness. For example, a person with a history of disease cholesterol and from 0.19 to 0.22 for TC/HDL-C. might very well be less likely to engage in regular Treadmill time remained as a significant independent exercise and, thus, have a low level of physical fitness. correlate for HDL cholesterol (p < 0.006) and TC/ This person would also be more likely to have elevated HDL-C (p < 0.0006) in this expanded model with risk factors. Leaving such persons in the analysis adjustment for alcohol intake. The adjusted mean valwould likely cause higher correlations between treadues (table 7) for HDL cholesterol and TC/HDL-C fit-mill time and risk factors and lead to faulty concluness category do not change appreciably with additionsions. For similar reasons, patients with less than 85% al adjustment for alcohol intake. of age-adjusted maximal heart rate on the treadmill test We also examined the effect of cigarette smoking on were excluded. If the test were stopped early, before the risk factor analyses. Multiple regression analyses the patient achieved maximal performance, the estiwere done for each of the risk factors with number of mate of fitness would be invalid. Patients who stop the cigarettes/day added to the regression model. These test early would be more likely to have disease and analyses were done on the approximately 1700 healthy concomitantly poorer risk factor status. Thus, we bewomen included in the analysis in tables 5, 6 and 7.
lieve our conservative approach to data analysis is like-The results were not changed. The independent effect ly to reduce bias. Abbreviations: BMI = body mass index; HDL = high-density lipoprotein; TC/HDL-Cratio of total cholesterol to HDL cholesterol. Abbreviations: BMI = body mass index; HDL = high-density lipoprotein; TC/HDL-C = ratio of total cholesterol to HDL cholesterol.
After data were analyzed on the healthy patients, we performed several analyses on the nonexcluded group of approximately 2800 women who had the complete evaluation. Patients excluded because of failure to achieve the heart rate criterion had lower treadmill times and poorer risk factor profiles (p < 0.05). Full regression models were calculated for each risk factor on the group before exclusions, and the F value for the independent effect of treadmill time was approximately the same as the corresponding F value obtained in the same analyses on the healthy women. The regression analysis was also repeated separately on the 1100 women who were excluded. The results were consistent with the other regression analyses; fitness was independently associated with risk factors. Thus, our findings from the different analyses are congruent, and the main findings reported for the healthy women do not appear to be due to sampling or selection bias within our population.
Since some of the risk factor distributions were not entirely normal, we repeated the regression analysis on both the healthy women and the entire group with the risk factors adjusted by log transformation. There were no significant differences between the adjusted and nonadjusted analyses. The data reported here are on the nonadjusted values.
Discussion
The association between treadmill time as a measure of cardiovascular fitness and several important CHD risk factors does not, of course, establish a relationship between fitness and changes in those risk factors. Previous studies have documented an association between exercise and improved CHD risk factors, and other studies have provided some evidence that regular activity may be associated with a decreased CHD incidence.3 6 The present study differs from these previous studies in two important respects. First, this study deals with fitness and risk factors in women; the preponderance of previously published data in this area has dealt with men. Second, this study uses an objective and accurate measurement of physical fitness the symptom-limited maximal treadmill test rather than questionnaire or submaximal exercise tests with extrapolated estimates of maximum endurance.
Exam year (1971-1980) was included as an independent variable when it became clear in data analysis that women examined in the later years of the study had more favorable risk factor profiles. (Table 6 includes the same analysis without exam year as an independent variable.) This temporal improvement in risk factor status was true for triglycerides, HDL cholesterol, TC/HDL-C, smoking and blood pressure. Since the mean age and socioeconomic status in women did not change significantly during the study, the improved coronary risk status might be a general phenomenon in the population as a whole and might be present in both men and women. This offers one plausible, though unsubstantiated, explanation for the drop in CHD death rates in the United States during the last decade. 8 Our previous cross-sectional study of total cholesterol levels and fitness in men shows a small but sig- Abbreviations: HDL = high-density lipoprotein; TC/HDL-C = ratio of total cholesterol to HDL cholesterol. nificant inverse relationship.6 This current study in women does not, unless exam year is excluded. The majority of investigators who have looked at fitness and total cholesterol failed to find significant association when appropriate adjustment for age and weight were made. 9 There is much more evidence for an association of triglyceride levels with fitness than for total cholesterol and fitness. 6 10,14 Most of this evidence, however, comes from work done in men. Our data show a strong correlation in women.
There is a significant amount of cross-sectional data relating higher levels of HDL cholesterol to higher levels of physical activity in men. IS-17 Some longitudinal and experimental data exist as well that support such an association.14 ' 18 In the only previous study done in women examining the relationship between HDL cholesterol levels and measured fitness, Haskell et al. ' 3 found no significant association, but they did report a significant relationship between physical activity reported by questionnaire and HDL cholesterol levels.'3 Some of their fitness measurements were based on submaximal estimates; but even when only maximal test data were examined, no relationship was found. Thus, their data"3 are in clear conflict with ours. Our population of volunteers, who for the most part were health-conscious, well educated, highly motivated women, were perhaps encouraged to give a more nearly maximal effort on treadmill testing, which might separate fitness levels more widely and more accurately. In general, our population is undoubtedly more active than that of Haskell et al., and this may have allowed for greater variation in treadmill times and, hence, greater opportunity to show a relationship. The consistent dose-response association between HDL cholesterol levels and fitness, the persistence of the association despite control for potential confounding variables, and the supporting data from other authors for a strong relationship of HDL cholesterol and fitness in men support our findings that measured physical fitness is related to HDL cholesterol levels in women.
The strongest association with fitness among the risk factors we have studied was the relationship between fitness and TC/HDL-C. Some investigators believe that this ratio may be the best predictor of CHD risk among all of the blood lipid indexes. 19 A few longitudinal studies have demonstrated decreases in systolic and diastolic blood pressure in response to endurance exercise programs, but change in blood pressure documented in most studies is modest. 20 21 The evidence that exercise lowers blood pressure independent of changes in weight and salt intake is not overwhelming. Showing a significant association between blood pressure and fitness has characteristically been much more difficult in normotensive than hypertensive persons. 22 In our study, those with a history of hypertension were excluded. Thus, it is not surprising that only small differences in blood pressure according to fitness levels were recorded in this population of very healthy women. These differences were present, however, and did'reach levels of significance.
When exam year is excluded as an independent variable, the association is stronger.
The demonstrated association between fitness and lower rates of smoking is interesting but not surprising.
Smoking, especially heavy smoking, would be expected to limit maximal exercise performance to some extent. On the other hand, runners may be encouraged to stop smoking as a result of starting and maintaining exercise programs, although the data are not consistent. 23 Persons who are sufficiently health-conscious to avoid tobacco or to stop smoking may also be more likely to be engaged in an exercise program.
Even though these associations between fitness and various CHD risk factors are statistically significant, the amount of variance in risk factors accounted for by fitness was small in these healthy women. Of course, the influence of fitness on CHD may, for the most part, be independent of effects on risk factors. Other studies in men suggest there is a strong independent protective effect of fitness.3 '4 The associations between fitness and CHD risk factors discussed in this paper should be examined in a longitudinal setting before definitive conclusions can be drawn. When more data are gathered, if fitness does prove to have a significant effect on these important risk factors, that relationship could have a definite influence on the risk of CHD in the United States population of women, considering the large numbers of previously sedentary women who have recently become physically active.
ideal tool for noninvasive evaluation of aortocoronary bypass grafts.i6 However, the merits and limitations of this method need to be defined. In the studies so far published, the number of investigated grafts are often small, angiographic controls of the results are not always available, and clinical correlations are often lacking. Therefore, in a consecutive series of patients who underwent postoperative coronary angiography for persistent or recurrent angina pectoris, CT scanning was also performed to assess bypass graft patency in close temporal relation to angiography. A conventional nondynamic scanner was used because it is the type most commonly available.
Materials and Methods
Patients and Angiography
From October 1979 to February 1981, 67 consecutive patients (65 males and two females), ages 40-67 years, who underwent angiographic assessment of graft patency because of recurrent postoperative chest pain were entered into the study. All patients gave written, informed consent for CT investigation and coronary angiography. One hundred twenty-five grafts
